A crude cell wall fraction of Listeria monocytogenes was prepared by sonic disruption and differential centrifugation of viable, washed cultures. When injected into mice, this sterile, crude cell wall fraction protected mice against an intraperitoneal challenge with 18 to 85 50% mean lethal dose of L. monocytogenes. Resistance was greatly enhanced when bacterial endotoxin (lipopolysaccharide) was injected along with the cell wall fraction. Resistance was measured both by enumerating the bacteria in the livers and spleens of vaccinated and control mnice and by survival studies. Two major lines of evidence suggest that the resistance induced by cell wall fraction is at least in part specific. Unlike nonspecific resistance, the cell wall fraction-induced resistance was relatively longlived, (i.e., it was demonstrable 6 weeks after the last injection of cell wall fraction and lipopolysaccharide). In addition, cell wall fraction protected against challenge with L. monocytogenes, but not against challenge with S. typhimurium.
A crude cell wall fraction of Listeria monocytogenes was prepared by sonic disruption and differential centrifugation of viable, washed cultures. When injected into mice, this sterile, crude cell wall fraction protected mice against an intraperitoneal challenge with 18 to 85 50% mean lethal dose of L. monocytogenes. Resistance was greatly enhanced when bacterial endotoxin (lipopolysaccharide) was injected along with the cell wall fraction. Resistance was measured both by enumerating the bacteria in the livers and spleens of vaccinated and control mnice and by survival studies. Two major lines of evidence suggest that the resistance induced by cell wall fraction is at least in part specific. Unlike nonspecific resistance, the cell wall fraction-induced resistance was relatively longlived, (i.e., it was demonstrable 6 weeks after the last injection of cell wall fraction and lipopolysaccharide). In addition, cell wall fraction protected against challenge with L. monocytogenes, but not against challenge with S. typhimurium.
Listeria monocytogenes is a facultative, intracellular bacterium with a variety of susceptible hosts (13) . Attempts to prevent listeric infections by active immunization have led to conflicting results. Vaccines composed of sublethal numbers of viable L. monocytogenes have been quite successful (14, 25, 28, 29) , but these live vaccines sometimes killed an expeririental animal (27) . Therefore, more recent attempts have been directed toward developing an effective killed vaccine, but unfortunately, these efforts have generally been unsuccessful (2, 7, 11, 12, 14, 18, (25) (26) (27) . However, in a preliminary trial, Eveleth et al. (10) obtained some evidence that Listeria which were killed with formalin or ultraviolet light induced some resistance to naturally acquired infections in sheep. In addition, two other laboratories (4, 17) Bacteria. (i) L. monocytogenes serotype 1 (kindly supplied by G. B. Mackaness, Saranac Lake, N.Y.) was grown in tryptose phosphate broth (Difco Laboratories, Inc., Detroit, Mich.) with gentle shaking for approximately 36 h at 37 C. The bacteria for challenge were collected by continuous-flow centrifugation, suspended in sterile, pyrogen-free water, and stored frozen at -70 C until used. The 28-day mean lethal dose (LD55) of this bacterium in CF1 mice was found to be 2 x 104 colony-forming units (CFU) after intraperitoneal (i.p.) injection, and in AKR mice it was 9 x 104 CFU. The LD,0 values were calculated by the method of Reed and Muench (32) . (ii) Salmonella typhimurium (obtained from the stock culture maintained at this institution) was grown in brain heart infusion broth (Difco), collected by continuous-flow centrifugation, and stored frozen at -70 C until used.
The i.p. LD50 of S. typhimurium in our CF1 mice was 9 x 10' colony-forming units.
Cell wall fraction. A crude cell wall preparation was isolated by a modification of previous methods (44) . A (Fig.  1 ). This material is referred to as CWF.
The CWF was then lyophilized, weighed, reconstituted with sterile, nonpyrogenic saline to a concentration of 1 mg/ml of saline, and then stored at 4 C in 100-ml bottles. To insure sterility of the CWF, chloroform was added to a concentration of 0.05%. Sterility tests were performed by adding 2.5 ml of CWF to 30 ml of tryptose phosphate broth and incubating with gentle shaking at 37 C for 4 to 5 days. After 48 h of incubation, 0.1-ml samples of CWF in tryptose phosphate broth were plated on each of 12 phenylethyl alcohol-agar plates. Samples occasionally found to have viable L. monocytogenes were freeze-thawed several times, and an additional 0.05 ml of chloroform was added. Sterility was then rechecked as described above. As a further confirmation of sterility, eight lethally irradiated mice were each injected i.p. with 0.2 ml of CWF and sacrificed 3 days later. No viable bacteria were recovered when whole livers or spleens were homogenized in a Teflon to glass grinder and 0.1-ml samples were plated. As determined by the above techniques, the CWF employed in the experiments described in this paper did not contain any viable organisms.
Endotoxin. Salmonella typhosa lipopolysaccharide (LPS; Difco) was used in some experiments. The dose varied from 25 to 100 Aog but was always the same in an individual experiment.
Assay of mice for resistance. Mice were assayed for resistance to infection by determining the number of L. monocytogenes cells in their livers, spleens, and blood 72 h after i.p. challenge with varying numbers of L. monocytogenes. Mice were anesthetized with chloroform and bled by cardiac puncture. Spleens and livers were removed aseptically and were placed in preweighed, sterile, glass grinding tubes. The tubes were then reweighed, 2 ml of sterile saline was added, and the organs were homogenized for 30 to 60 s with a Teflon to glass grinder. Serial dilutions of the organ homogenates were plated in duplicate on phenylethyl-alcohol agar plates. Heparinized blood was similarly plated to assay for bacteremia. These techniques were described previously (5) . After incubation at 37 Ability of CWF to enhance survival. In addition to the experiments in which resistance was determined by counting the numbers of L.
monocytogenes CFU in livers and spleens of treated and untreated mice, mortality studies were performed. The immunization schedule and survival rates of one experiment are shown in Table 2 . These data, which confirm the bacterial enumeration studies, show that mice injected with CWF plus LPS are resistant to lethal challenge with 25 LD50 L.
monocytogenes. These results have been confirmed in two other experiments in which mice were challenged with 6 and 16 LD50.
Duration of resistance after last injection. Nonspecific resistance is thought to be shortlived, whereas immunologically specific resistance is thought to last several months. Experiments were conducted to determine whether the protection induced by the cell wall fraction was short-lived (i.e., nonspecific) or long-lived (i.e., specific). Mice were injected i.v. on day 0 and i.p. on days 18 and 29 with either 50 jig of CWF, 50 ,ug of CWF plus 25 gg of LPS, or 25 gg of LPS alone. A fourth group received sterile, nonpyrogenic saline at the same time. Six weeks after the last injection on day 67, all four groups of mice were challenged i.p. with 6 x 105 L. monocytogenes and assayed for resistance on day 70. The results (Table 3) indicate that by 6 weeks after the last injection nonspecific resist- ance could not be demonstrated. That is, mice injected with LPS had as many organisms in their livers and spleens as did uninjected control mice, whereas only weak resistance was seen in mice receiving CWF alone. However, mice injected with CWF plus LPS were resistant to lethal challenge, as demonstrated both by their increased survival and by the markedly decreased numbers of Listeria recovered from their livers, spleens, and blood. Two similar experiments have confirmed these results.
Inability of Listeria CWF to protect against infection by S. typhimurium. If the CWF were acting only through nonspecific mechanisms, it might be expected to induce resistance to other intracellular bacteria. To test this, it was first determined whether our live L. monocytogenes strain could induce active resistance to S. typhimurium. Groups of mice were injected i.p. with a sublethal dose of either live Listeria or live Salmonella on day 0 and day 28. A control group was not injected.
Seven days after the second injection, the mice were challenged i.p. with lethal numbers of either Listeria or Salmonella. (36, 37, 43) , but evidence against their importance in L. monocytogenes infections has been presented (20, 24) . (iii) The CWF might induce cellmediated immunity in thymus-derived lymphocytes which could then mount a specific cellmediated immunologic response against the challenge organism. Mackaness (21, 22) has suggested that specific resistance to Listeria is mediated by immunologically specific, thymusderived lymphocytes. These cells are thought to respond to antigen by secreting lymphokines which activate macrophages nonspecifically to phagocytose and kill the invading bacteria.
Since the time of Metchnikoff and Pasteur, resistance to bacterial infections has been divided into specific and nonspecific states of resistance. Resistance to L. monocytogenes (as well as to M. tuberculosis) is believed to consist of both specific and nonspecific components (7, 8, 18, 19, 21, 22 with attenuated Listeria. However, the nonspecific protection conferred by LPS was in many experiments still demonstrable 7 days after injection. Therefore, mice in later experiments were challenged 6 weeks after the last injection. At this time, nonspecific resistance induced by endotoxin was minimal or not demonstrable. These experiments showing long-term protection after injection of CWF plus LPS suggested that resistance was at least partly specific. (ii) If specific resistance were involved, Listeria immunization should have been most effective against Listeria challenge because of an anamnestic recall of acquired resistance brought about by the specific challenge inoculum. Such an anamnestic response is shown in Table 3 . (iii) Specific resistance after challenge with the immunizing organism (Listeria) should be of much greater magnitude than resistance after challenge with a different organism (Salmonella). Further indirect evidence suggesting specificity was given by the experiment in which infection by L. monocytogenes did not protect against challenge with S. typhimurium (Table 4) . Similarly, CWF protected against challenge with Listeria, but not with Salmonella (Table 5) . If the CWF were acting mainly through nonspecific mechanisms, it would be expected to protect against challenge with other similar bacteria.
The nonspecific immunity conferred on mice by endotoxin against lethal challenge with both gram-positive and gram-negative organisms has been well confirmed (9, 16, 35, 40 and Bordetella pertussis adjuvant. Giving the L-form culture fluid alone without adjuvant as a booster provoked a very rapid reactivation of the resistance, which suggested a specific mechanism. Klasky and Pickett (17) disrupted live virulent Listeria cultures by passing them through a French press and then collected the cell walls by differential sucrose centrifugation. A single i.p. dose of cell wall preparation (containing 1 mg of protein) was injected into mice, followed 10 days later by i.p. challenge with 250 LDso Listeria. These investigators reported that 95% of these mice survived challenge. They considered the immunogen to be protein in nature and to be located in the Listeria cell wall.
The difficulty in developing killed vaccines which induce resistance to listeric infection may be due to lability of the vaccine (unpublished data) and to two toxic mortality-enhancing factors as reported by Silverman et al. (41) and Patocka et al. (30, 31) .
